There remains debate about whether risk-reducing salpingo-oophorectomy (RRSO), which reduces ovarian cancer risk, also reduces breast cancer risk. We examined the association between RRSO and breast cancer risk using a prospective cohort of 17 917 women unaffected with breast cancer at baseline (7.2% known carriers of BRCA1 or BRCA2 mutations). During a median follow-up of 10.7 years, 1046 women were diagnosed with incident breast cancer. Modeling RRSO as a time-varying exposure, there was no association with breast cancer risk overall (hazard ratio [HR] ¼ 1.04, 95% confidence interval [CI] ¼ 0.87 to 1.24) or by tertiles of predicted absolute risk based on family history (HR ¼ 0.68, 95% CI ¼ 0.32 to 1.47, HR ¼ 0.94, 95% CI ¼ 0.70 to 1.26, and HR ¼ 1.10, 95% CI ¼ 0.88 to 1.39, for lowest, middle, and highest tertile of risk, respectively) or for BRCA1 and BRCA2 mutation carriers when examined separately. There was also no association after accounting for hormone therapy use after RRSO. These findings suggest that RRSO should not be considered efficacious for reducing breast cancer risk.
Several studies have reported evidence for a strong association between risk-reducing salpingo-oophorectomy (RRSO) and reduced breast cancer risk for BRCA1 and BRCA2 mutation carriers (1) (2) (3) (4) . Heemskerk-Gerritsen et al. (5) , however, argued that these risk estimates were biased because of using an inappropriate analysis; they reported no association with breast cancer risk when RRSO was considered as a time-dependent covariate. Time-dependent analyses treat women as unexposed before RRSO and exposed after RRSO. Kotsopoulos et al. (6) confirmed the findings of Heemskerk-Gerritsen et al. (5) using a longer mean follow-up time (5.6 years vs 3.2 years). Both studies had few incident breast cancer cases among women with RRSO (122 and 21 among BRCA1 and BRCA2 mutation carriers, respectively, in Kotsopoulos et al. (6) , and 36 and 6 among BRCA1 and BRCA2 carriers, respectively, in Heemskerk-Gerritsen et al. (5) ), which limited power.
We examined the association between RRSO and breast cancer risk for women across a wide range of familial and genetic risk using the Prospective Family Study Cohort (7). With our large cohort and long follow-up time, we were also able to investigate whether timing of RRSO mattered and whether use of hormone therapy after RRSO accounted for any lack of evidence for a decreased breast cancer risk.
The Prospective Family Study Cohort includes women from the Breast Cancer Family Registry (BCFR) and the Kathleen Cuningham Foundation Consortium for Research into Familial Breast Cancer (kConFab) (7) . All participants provided written informed consent before enrollment, and study protocols have been approved by institutional review boards at each of the respective institutions. The current analysis used data from all women aged 18 to 79 years who were unaffected with breast cancer at baseline (N ¼ 17 917 women; 7.2% known BRCA1 and BRCA2 mutation carriers). Women were asked at baseline and at follow-up if they ever had one or more ovaries removed. We classified women who reported both ovaries removed at least one year before breast or ovarian cancer diagnosis as being exposed. We used Cox proportional hazard models, with age as the time scale, to estimate hazard ratios (HR) and corresponding 95% confidence intervals (CIs) using a robust variance sandwich estimator. We assessed the proportional hazards assumption by testing the interaction with time. We defined follow-up time in two ways: (1) starting at baseline and (2) starting at age 25 years, given that many of the oophorectomies in this cohort occurred before baseline, with follow-up time ending at first invasive breast cancer diagnosis or censored at risk-reducing bilateral mastectomy, death, last follow-up, or age 80 years, whichever came first.
The analyses were stratified by birth cohort (<1950, 1950-1959, 1960-1969, 1970 ) and adjusted for study center, race/ethnicity, and age at baseline. Screening for germline BRCA1 and BRCA2 mutations by the BCFR and kConFab (8-10) typically involved testing the youngest affected woman in each family and, if identified to be a carrier, testing the other family members for that mutation. Noncarriers were women not known to be carriers and included both tested and untested women. We used the Breast and Ovarian Analysis of Disease Incidence and Carrier Estimation Algorithm (BOADICEA) model (11) to estimate absolute 10-year breast cancer risk. Given that many women had RRSO before baseline, we compared the results for follow-up time starting at baseline with those for follow-up time starting at age 25 years. We also compared results based on age at RRSO and stratified based on whether women received hormone therapy after RRSO. All statistical tests based on Cox Proportional Hazard modeling were two sided, and P values less than .05 were considered statistically significant. SAS software version 9.4 (SAS Institute Inc, Cary, NC) was used for all statistical analyses.
After a median 10.7 years of follow-up from baseline, we observed 1046 incident breast cancer cases (Table 1 ). Figure 1A summarizes the results for the overall cohort and stratified by tertile of predicted absolute risk. Figure 1B summarizes the results for BRCA1 mutation carriers, BRCA2 mutation carriers, and noncarriers. When we modeled RRSO as a fixed exposure, our risk estimates were similar to other published estimates and suggested a reduced risk from analyses of women in the overall cohort (HR ¼ 0.78, 95%CI ¼ 0.65 to 0.92) as well as in the other risk groups (highest risk tertile of predicted absolute risk, the mutation carriers, and the noncarriers). However, when we fitted RRSO as a timedependent variable, we observed no statistically significant associations for the overall cohort (HR ¼ 1.04, 95% CI ¼ 0.87 to 1.24) or by tertiles of predicted absolute risk based on family history (HR ¼ 0.68, 95% CI ¼ 0.32 to 1.47, HR ¼ 0.94, 95% CI ¼ 0.70 to 1.26, and HR ¼ 1.10, 95% CI ¼ 0.88 to 1.39, for lowest, middle, and highest tertile of risk, respectively). The results were similar for follow-up time starting at baseline age or at age 25 years. There was also no association after stratification by age at RRSO or by hormone replacement therapy use after RRSO (Figure 1, C and D) .
Our results represent the largest independent prospective replication of the findings by Heemskerk-Gerritsen et al. (5) and suggest that consideration of RRSO, and its timing, should be based solely on reduced risk of ovarian cancer and not breast cancer. We extended the previous analyses by examining these questions using a cohort of women enriched for familial risk but who were highly unlikely to be BRCA1 or BRCA2 mutation carriers. Although it is possible that some noncarriers were mutation carriers, we observed similar associations when we classified women by category of BOADICEA risk, which is highly correlated with BOADICEA's estimated carrier probability based on family history. There are several limitations that warrant consideration. We cannot rule out the possibility that RRSO in early adult life, such as before the rapid rise in breast cancer incidence for BRCA1 carriers in their 30 s, could reduce risk (only 10% of our cohort had their RRSO before age 35 years). The rise in breast cancer incidence for BRCA2 carriers occurs in their 40s (12) , which might explain a small, although not statistically significant protective association for BRCA2 carriers that was also reported in two previous studies (5, 6) . In our cohort, only 31.1% of BRCA1 mutation carriers, 17.8% of BRCA2 mutation carriers, and 23.1% of noncarriers had an RRSO before age 40 years. Thus, as in other studies, the power to investigate the role of RRSO at an early age, particularly for BRCA2 mutation carriers, is limited. It remains plausible that RRSO could reduce breast cancer risk, but such a reduction, if it exists, would need to occur much earlier than natural menopause, and the consequences of early RRSO on other aspects of long-term health would need to be considered. Based on the consistency of the recent prospective evidence including our study, we believe that clinical management of BRCA1 and BRCA2 mutation carriers, as well as other high-risk women considering RRSO, should not be based on presumed reduction of breast cancer risk. Analysis of Disease Incidence and Carrier Estimation Algorithm (BOADICEA) score. Time-dependent models count individuals as unexposed before risk-reducing salpingo-oophorectomy (RRSO) and exposed after RRSO; non-time-dependent models treat RRSO as a fixed effect. A) summarizes the results from models treating RRSO as both a fixed and time varying exposure for the overall cohort stratified by tertile of predicted absolute risk of breast cancer as estimated by BOADICEA. B) summarizes results from models treating RRSO as both a fixed and time varying exposure for BRCA1 mutation carriers, BRCA2 mutation carriers, and non-carriers. C) presents time-dependent models for non-carriers stratified by age at RRSO or by age at hormone replacement therapy (HRT) use after RRSO. D) presents time-dependent models for women in the upper tertile of absolute risk of breast cancer as estimated by BOADICEA, stratified by age at RRSO or by age at hormone replacement therapy (HRT) use after RRSO. All panels present models starting follow-up time at at age 25 years or at baseline age.
